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An infrared analysis of nonstoichiometric hydrogenated and deuterated germanium-nitrogen alloys 
is presented. The films were prepared by rf reactive sputtering of a c-Ge target in a gas mixture of 
Ar+N,+(H? or D.,). The isotopic effect was used to identify the absorption bands associated with 
the alloy elements bonded to hydrogen. Its infrared spectra pattern depends strongly on the 
preparation condition. Samples prepared in the 100-300 “C temperature range are stable, while 
those prepared at temperatures lower than 100 “C show spontaneous atmospheric contamination. In 
this case, the evolution of the infrared spectra with the atmosphere exposing time for hydrogenated 
and deuterated films was analyzed. 
Germanium-based amorphous compounds have been 
proposed as promising materials for applications in various 
photoelectronic devices. Among them, amorphous nonsto- 
ichiometric hydrogenated germanium-nitrogen alloys 
ia-GeN,:H) have been synthesized with variable band 
gaps,lW3 which can potentially be used as semiconductors, 
antireflective coatings, isolating layers, etc., depending on 
the nitrogen content. It has been observed that nitrogen may 
also act as a doping element in the amorphous germanium 
network.3-5 
The structural properties of this material have not been 
sufficiently investigated. Some infrared-absorption bands 
have been assigned to different vibrations. Among others, the 
position of the vibration associated with the N-H, bending 
mode is not clear. The main reason for this and other assign- 
ment problems is that some films pick up atmospheric con- 
tamination spontaneously. In this case new absorption bands 
appear in a region very close to the bands associated with 
films that have not been contaminated. In this way, these 
peaks can be inadvertently misassigned. 
In this communication we use the isotopic effect (by 
using de’uterium to replace the hydrogen atoms in the films), 
and the evolution of the infrared spectra to clarify the origin 
of some of the vibrations observed in germanium nitrogen 
alloys. 
The films were prepared by rf diode reactive sputtering 
of a 3 in. Ge (99.9995 at. %) target in a gas mixture of: (a) Ar 
(99.997 at. %)+N, (99.999 at. %)+H, (99.999 at. %), and 
(b) Ar+N2+D, (99.95 at. %). Crystalline silicon substrates 
were used for infrared spectroscopy using a Fourier trans- 
form spectrophotometer (Perkin-Elmer model FT 1600), in 
the 400-4000 cm-’ range. Corning 7059 glass substrates 
were used for optoelectronic measurements. Several prepara- 
tion conditions were adopted to obtain samples with different 
infrared spectrum patterns to help in the identification of 
some absorption bands. 
The substrate temperature was the parameter with which 
we could get samples with very different structural proper- 
ties. Figure 1 shows the absorption coefficient versus the 
wave number for a sample having the simplest infrared pat- 
tern that we obtained. For hydrogenated films [curve (a)], the 
Ge-N absorption band (720 cm-‘), and the N-H wagging and 
stretching mode at 1150 and 3270 cm-‘, respectively, are 
clearly observed. The Ge-H vibration is not observed in this 
sample, but it may appear in films prepared under other con- 
ditions. The N-D wagging and stretching modes [curve (b)] 
are shifted to approximately 920 and 2430 cm-‘, respec- 
tively. These frequencies are close to the expected frequen- 
cies considering the D to H atom mass ratio factor. The re- 
sults are very similar to the ones obtained for a-SiN:(H, p) 
alloys.6 
Some features have been reported in the 1450-1600 
cm-’ range, which have been assigned to the N-H, 
vibration.7Y8 However, other features may exist as we show 
next. In order to clarify the origin of these bands we analyzed 
samples which displayed clear absorption in that region (Fig. 
2). The use of deuterium reveals that the band, at 1520 cm-’ 
[curve (a)], is related to the absorption of hydrogen bonds. 
The corresponding vibration mode for deuterium [curve (b)] 
is centered around 1120 cm-‘, in a close correlation to the 
expected values.. This vibration is probably associated with 
the N-H;? bending mode, as has been assigned for a-SiN:H 
films. 
The curve for the hydrogenated film also shows an ab- 
sorption of around 2060 cm-‘. Even though it is not intense, 
a band at 1500 cm-’ appears for the deuterated film. That 
absorption might be related to the Ge-H band, which is ob- 
served in the 1850-2000 cm’-’ range in a-Ge:H films.~The 
shift to higher energy could be associated with an inductive 
effect due to nitrogen incorporation. 
The sample prepared at room temperature picks up con- 
tamination when exposed to the atmosphere. Figures 3 and 4 
show the evolution in time of the infrared spectra of two 
samples prepared with hydrogen and deuterium. There are 
several bands which grow when the films are removed from 
the deposition chamber. It seems very probable that the band 
growing at approximately 540 cm-’ and the broadening (and 
a consequent increase in its intensity) of the Ge-N band are 
associated with Ge-0 absorptions. As has been reported, 
amorphous germanium oxide shows at least two absorption 
bands in that region. The feature at 1620 cm-’ and a broad 
band at 3400-3600 cm-* are related to O-H vibrations. The 
absorption band at 1430 cm-’ and several bands in the 
2800-3000 cm-’ range were attributed to carbon contami- 
nation. These features are similar to the observed ones in 
contaminated amorphous hydrogenated germanium films.” 
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FIG. 1. Absorption coefficient vs wave number of (a) hydrogenated and (b) 
deuterated a-GeN, films. The scales for absorption coefficient are corrected 
for curve (a) in all figures of this communication. The other curves were 
shifted up for graphic purposes. 
The absorption bands located in the 1400-1600 cm-t 
range are shown in detail in Fig. 5. The position of the band 
centered at 1520 cm-t (N-H, bending mode) stays basically 
unchanged as the film becomes contaminated. Thus, the two 
neighboring bands cannot be assigned to this vibration. In 
addition, no shift was observed in its position due to a sup- 
posedly inductive effect as the nitrogen concentration 
changed. .- 
The absorption bands that grow as the films become con- 
taminated are positioned in regions in which they can easily 
be misassigned: (a) The Ge-0 absorption energy is close to 
N pressure = 6 x 10m3 mba 
pressure = 2.2 x 10m3 mbar 
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FIG. 2. Absorption coefficient vs wave number of (a) hydrogenated and (b) 
deuterated a-GeN, films. 
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FIG. 3. Absorption coefticient vs wave number of a hydrogenated a-GeN, 
film as a function of atmosphere exposing time. 
the Ge-H one; (b) the O-H and carbon-related absorptions 
are located around the N-H, bending and N-H stretching 
vibration modes. Figures 3 and 4 help us to differentiate 
these absorptions: (a) The band around 540 cm-’ cannot be 
assigned to Ge-H vibration in this case; the use of deuterium 
does not shift its position and no Ge-H stretching mode is 
growing at the same time; (b) most of the features growing in 
the 2500-3700 cm-’ range (Fig. 3) are not related to N-H 
bonds (shifted to 2430 cm.-’ by using deuterium, Fig. 4). In 
addition, no N-H bending mode can be associated to them. 
In conclusion, the isotopic effect, associated with the use 
of samples having different infrared patterns, and the obser- 
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FTG. 4. Absorption coefficient vs wave number of a deuterated a-GeN, fitm 
as a function of atmosphere exposing time. 
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FIG. 5. Absorption coefficient vs wave number of a hydrogenated a-GeN, ‘G.-G. Chen and F.-Q. Zhang, Thin Solid Films 185, 231 (1990). 
film as a function of atmosphere exposing time. ‘W. Paul, S. J. Jones, and W. Turner, Philos. Mag. B 63, 247 (1991). 
vation of the evolution of the infrared spectra of samples 
contaminated in the atmosphere were used to clarify the ori- 
gin of some absorption bands in a-GeN,:H alloys. 
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